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Lewis, WA. This research documents the long

term results of a field test program to evaluate the

effects of aging/weathering on the EPDM and PUF

materials and the repairability of the surfaces. An

EPDM membrane provides a satisfactory, water-

tight roof. Aging is directly related to the local

climate. Current repair techniques for EPDM are

satisfactory when proper materials and procedures D
are used. PUF roof should give satisfactory

service if repairs are properly made and the sur- 05
face is periodically recoated as the original coating

wears away.
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ready in place, and to determine how long the

bond can be expected to last.
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FOREWORD
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LONG TERM FIELD TEST RESULTS OF
EXPERIMENTAL EPDM AND PUF ROOFING

1 INTRODUCTION

Background

Most Army facilities use conventional roofing systems (such as built-up roofing) that are sometimes
expensive and complicated to construct. These conventional roofing systems are often comparatively
short-lived, resulting in high life-cycle roofing costs which are difficult for already overburdened Army
operation and maintenance budgets to absorb. Therefore, the U.S. Army Engineering and Housing Support
Center has asked the U.S. Army Construction Engineering Research Laboratory (USACERL) to attempt
to identify altemative, easy-to-install roofing systems that can improve the performance of Ammy roofing
while reducing life-cycle costs.

Previous work identified and evaluated alternative roofing systems that would be less susceptible to
installation error or misapplication and would not be as sensitive to storage, handling, and weather
considerations.'

Experimental roofs of single-ply ethylene-propylene-diene monomer (EPDM, a synthetic rubber)
sheet and sprayed-in-place polyurethane foam (PUF) with elastomeric coatings were installed during 1979
and 1980 at Fort Benning, GA, Fort Knox, KY, and Fort Lewis, WA. Construction of these systems was
described in Construction of Experimental Roofing,! and the results of tests of the first 2 years of service
life were described in Field Test Results of Experimental EPDM and PUF Roofing.* Annual sampling
and testing of the samples continued until 1986 at Fort Benning and Fort Lewis (Fort Knox was dropped
from the program in 1981).

Objective

The objective of this rcport is to document the long term results of a field test program to evaluate
the EPDM and PUF systems, from both the effect of the climate on aging/weathering of the materials and
the repairability of the membrancs by both trained contractor personnel and inadequately trained
installation personnel.

"E Marvin, ct al,, Evaluation of Alternative Reroofing Systems, Interim Report, M-263/ADA071578 (U.S. Army Construction
Engmecering Rescarch Laboratory [USACERLY], June 1979); M.J. Rosenfield, An Evaluation of Polyvinyl Chloride (PVC) Single-
Ply Membrane Roofing Systems, Technical Report M-284/ADA097931 (USACERL, March 1981); M.J. Rosenfield, Evaluation
of Sprayed Polyurethane Foam Roofing and Protective Coatings, Technical Report M-297/ADA 109696 (USACERL, November
1981).

* M_J. Rosenficld and D.E. Brotherson, Construction of Experimental Roofing, Technical Report M-298/ADA 109595 (USACERL,
November 1981).

' M.J. Rosenfield, Field Test Results of Experimental EPDM and PUF Roofing, Technical Report M-357/ADA147697
(I'SACERL, September 1984).




Approach

The following procedures were used to carry out the objective of this study:

1.

2.

Roof systems for a 10-year field evaluation were selected based on earlicr USACERL. studies *

A test plan was developed using standard test methods published by the American Society for

Testing and Materials (ASTM) and other tests developed by government agencies.

3.

4.

Test sites were selected.

Test guide specifications were developed.
Instrumentation systems were designed.

Construction of the test roofing systems was monitored.

Test data were collected for 7 years after construction.

. Each roof was inspected visually once a year.

Mode of Technology Transfer

Information generated by this study will impact on Corps of Engineers Guide Specifications (CEGS)
07530, Elastomeric Roofing (EPDM), and CEGS 07540, Elastomeric Roofing, Fluid Applied.

'E. Marvin, et al.; M.J. Rosenfield, March 1981; M.J. Rosenfield, November 1981.
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2 DESCRIPTION OF TEST PROGRAM

Construction of Test Roofs

EPDM Roofs

Two EPDM roofs were constructed: one at Fort Benning, GA, and one at Fort Lewis, WA. Both
arc fully adhered, unballasted systems, with the membranc bonded to the insulation surface. The
insulation is sufficient to give the roofing system an overall R-value of 20.

The system at Fort Benning consists of a fluted steel deck, 3 in.” of composite board insulation
mechanically fastened to the deck, and 60-mil thick single-ply EPDM membrane. The systcm at Fort
Lewis consists of a poured-in-place concrete roof deck, a one-ply vapor retarder of No. 43 asphalt-
saturated and coated glass fiber base sheet installed in hot asphalt, 2-1/2 in. of rigid inorganic board stock
with asphalt-saturated organic felt facer sheets installed in hot asphalt, and a 60-mil thick single-ply EPDM
membrane. Figurc 1 shows cross sections of the EPDM roofs.

PUF Roofs

Three PUF roofs were constructed: one cach at Foit Benning, GA, Fort Knox, KY, and Fort Lewis,
WA. (Fort Knox was dropped {rom the program in 1981 and no data will be presented.) The system at
Fort Benning consists of a poured-in-place concrete  roof deck, a two-ply vapor retarder of No. 15
asphalt-saturated organic {elt, a minimum of 3-1/2 in. of sprayed PUF, and a minimum of 20 mils of a
single-component, moisture-curcd silicone coating, applied in two coats with granules in the second coat.

The system at i‘ort Lewis consists of a poured-in-place concrete roof deck, one ply of No. 43
asphalt-saturated and coated glass fiber base sheet in hot asphalt, a minimum 3 in. of sprayed PUF, and
a coating consisting of a base coat of a two-component polyurethane clastomer and a top coat of
chlorosulfonated polyethylene with gianules. The minimum thickness was specified as 20 mils but was
actually determined to be 10 mils. Figure 2 shows the cross scctions of those PUF roofs.

Figures 3 through S show the roof plans of the buildings sclected for EPDM and PUF at Forts
Benning and Lewis. Construction of these systems is described in Construction of Experimental Roofing.’

Test Program

he test progrum was desygned 10 determine how weathering would change the mechanical and
physical characteristics of the two systems as well as their repairability. Propertics sclected for study were
these deemed essential 10 successful performance of the materials in a roof assecmbly. ASTM standards
were used when possible (o determine these propertics. If no ASTM test method could be found, tests
developed by the U.S. Bureiu of Reclamation (USBR) or the U.S. Naval Civil Engineering Laboratory
(NCEL) were uscd.

" A metric COnversion table s provided on page 46.
SN Rosentield and D ED Brateron,
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Figure 2. PUF roofs, cross sections.

10




/(1/74 i e e 45«7?/4
s e TS
s, L ,,/ /
Eay R e
s S ////{
4 R . s . /
’ // ,/// - / /1 4
L BOWER ROOF VENTIL r

43

',«/ ‘/" /‘/, /,‘/ P v .
R S
e s s e ///// Va

. i o ’ - . ‘///" /// s S

VoS /

pa

|
|
|
1

et e e o s

LCuinND
[~ NLICATES AREA WITH
endeene NN EPDM ROOF

ROOF PLAM - 3LDCG 2823

Figure 3. Building sclected fur ¢33 roofing at Fort Benning.

U -1
1
o ] ‘ )
!K—' r.-“.,mm VTR GRS SR 4 I M L T I W W S S
z |4
| f - n |
| 1 N ZPIPE_ |
: N . N |
‘ \\ /// °
i%_ . POWERP ~7 GRAVITY VENT— :
T o ROLE [
| s VENTILATORS o
| { ) ~ . / |
| / 0 4"% SOIL [
! , PIPE T
r : Il l
o - |
o1 |
A, i !
J——.._-_. L B N W, -

DUOWNSPOUT- GUTTER LDOWNSPOUT

AQ0Y PLAN -— BLDG 2806

Figure 4. Building seleciea for PUE pootine at Fort Benning.

M




\ "
N AREA "8" .
N\ 7000 S.F.\J 9 ©
/ N KITCHEN N w -t
NMESS HALLY 8 g
CONFINEMENT YARD NBOILER RMJ < =

SINGLE ST

A 7 /////,////7// :
L_\-‘//// :gOEOAS:%// a
TWO STORY g ®©
. gromy/ /é ‘ <
FENCE\ i‘g{m

X L X |5x0'_2" X X X X

ROOF PLAN

NO SCALE

POST STOCKADE - BLDG 1450

Figure 5. Building selected for EPDM and PUF roofing at Fort Lewis.

The initial set of tests was designed to establish the mechanical and physical characteristics of the
materials at the time of application. Subsequent tests were originally scheduled every 6 months for 2
vears, and once a year for 8 more years to establish a pattern of performance or to note changes in
properues; however, the tests were concluded after 7 years because researchers were no longer able to

obtain proper samples from the EPDM roof at Fort Benning and because repairs to the PUF roof had
failcd.

Each test consisted of analyzing five samples and avcraging the results. One sample was cut near
cach comer of the roof and one ncar the center so that the results would have minimal dependence on the
location. In addition to the laboratory tests, visual inspections were made annually to check for changes
in appearance, loss of adhesion of EPDM membranc or PUF coating, blistering, cracking, pinholing, loss
of granules, or any evidence of mechanical damage from foot or equipment traffic, unauthorized at-
tachments or penetrations, or natural phenomena such as hail.

Tables 1 and 2 list the PUF and EPDM characteristics, respectively, of interest to this study.

12




T

able 1

PUF Test Characteristics

Tests at Beginning of Exposure Program

Property Test Method
Foam
Water Vapor ASTM C 355
Transmission
Dimensional Stability ASTM D 2126
Closed Cell Content ASTM D 2856
Coating
Thickness USBR Test
Brittle Temperature ASTM D 2137

Test at Beginning and Intermittently
During Program

Foam

Foam Density ASTM D 1622
Water Absorption ASTM D 2842
Tensile Strength USBR Test
Compressive Strength ASTM D 1621
Coating

Water Vapor Transmission ASTM E 96
(ilass Transition ASTM D 3418
foam With Applied Coating

Indentation Hardness USBR Test
Adbesion NCEL Test
et Resistance USBR Test

fwith applied coating)

i'leld Monitoring
Jisusl Inspection

Wenther Data
Teniperature

Himidity
Salnr Radiation
Wil Speed and Direction

13

Remarks

"Property” refers to physical properties of interest.

The amount of movement or dimensional change must not
exceed the coating capacity.

These tests will establish "baseline” for coating for
comparison with later tests taken from field-exposed
samples.

The material must not deteriorate or lose density.

Urethane foams are sensitive to moisture,

Moisture may enter from below (condensation) or
above (leakage).

The foam and coating must be capable of resisting foot
traffic and other mechanical abuses, including continued
resistance to hail and falling objects.

Check for adhesion loss, blistering, cracking, flaking,
peeling, pinholing, hail damage, and severe cracking or
erosion.




Table 2

EPDM Test Characteristics

Tests at Beginning of Exposure Program

Property Test Method
Heat Aging ASTM D 573
Accelerated Aging ASTM D 2565
Brittleness ASTM D 2137
Dimensional Stability ASTM D 1204

Tests at Beginning and Intermittently
During Program

Abrasion Loss ASTM D 3389
Seam Strength ASTM D 1876 &
D 882, Method A

Tensile Strength ASTM D 412
Ultimate Elongation ASTM D 412
Hardness ASTM D 2240
Water Resistance

Absorption ASTM D 570

Permeability ASTM E 96, Proc. B
Ozone Resistance ASTM D 1149
Glass Transition ASTM D 3418

Field Tests and Monitoring
Weather Data

Temperature

Humidity

Solar Radiation

Wind Speed and Direction

Periodic Field Observations
Visual Inspection
Nondestructive Moisture Measurement

14

Remarks

"Property" refers to physical properties of interest.
This group of tests is used to provide a means of pre-
dicting weather perfor mance.

These are tests to establish the basic physical charac-
teristics typical of roof membranes. Any changes in

these characteristics during service could signal aging,
deterioration, and reduction of lifetime expectancy. Abra-
sion resistance is necessary if the roof will experience
regular foot traffic; seam strength is essential in one-ply
systems; changes in hardness indicate a loss of plasticizer
and resistance to mechanical damage; absorption and permea-
bility are necessary characteristics if the membrane is
used over existing roofing systems with possible moisture
entrapment; D 1876 and D 412 tests should be run at 70°F.

These measure ments are needed to correlate with strain and
temperature measurements.

This type of inspection with photographs will provide a
record of physical changes and/or appeacance.




3 PHYSICAL AND MECHANICAL PROPERTY CHANGES

Climate Comparisons Between Fort Lewis and Fort Benning

The Fort Lewis area is characterized by equable tcmperatures, a pronounced though not sharply
defined rainy season and considerable cloudiness, particularly during the winter months. The prevailing
southwesterly circulation keeps average winter daytime temperatures between 40 and 50 °F and nighttime
rcadings between 30 and 40 °F (Table 3). During the summer months, the nighttime readings consistently
range from 50 to 55 °F. A typical summer afternoon would have readings between 70 and 85 °F. The
hot spells last only a few days. The agreeable tcmperatures and the light precipitation characteristic of
the warm season give Fort Lewis a very pleasant summer climatc. More than 75 percent of the ycarly
rainfall occurs from October through March.

The Fort Benning climate is determined primarily by its latitude, and the proximity of the Gulf of
Mexico and the Atantic Occan. The driest season is autumn, with the greatest rainfall in midsummer.
Fort Benning has warm, humid summers (averages 74 days with temperatures above 90 °F and short mild
winters (Table 4). The flow of moist air from the Gulf over the warm land surface results in frequent
afternoon thunderstorms during the summer. Cold snaps usually occur from mid-November to mid-March,
with daytime temperatures almost always rising to above freezing. Relative humidity averages are
moderately high, as would be expected from its location in relation to the Gulf and Ocean.

Comparing the two locations, Fort Lewis has a relatively stable temperature range throughout the
year, while Fort Benning has warmer temperaturcs in the summer and about the same temperatures as Fort
Lewis in the winter. Fort Benning also averages more than twice the number of clear sunny days than
does Fort Lewis (113 to 54). Font Lewis averages more cloudy days (228 to 151). This results in a
higher heat load and ultraviolet radiation on the roofs at Fort Benning, and the correspondingly higher roof
degradation associated with the increased solar exposure. The mean daily solar radiation is about 413
L.angleys at Fort Benning, compared to 300 Langleys at Fort Lewis (Figure 6). Fort Benning averages
more than cight times the number of thunderstorms and associated severe weather than does Fort Lewis
(58 to 7) and heavier annual rainfall, mostly in the summer. The rainfall and severe weather at Fort
Benning is significant. The hot Georgia sun expands the membrane and flashing which then cools down
and shrinks with the rain.  Also, because the annual rainfall in Georgia is higher, more problems
associated with ponding could occur.

PDM Property Changes
Initial £€PDM Properties

it is often assumed that EPDM is the same material, regardless of its source; however, this is not
the case. Proportions of cthylene and propylene and the dicne used may vary, depending on availability,
nrice, and formula. Thus, even the products of one company may differ. However, all EPDM membranes
should meet ASTM D 4637-87° and ANSI/RMA 1PR-1-1985 National Standards. The EPDM materials
delivered te the two sites are the products of the same manufacturcr. The initial test valucs shown in
Table § arc averaged from several tests on the materials delivered to each location. The range of values
is also staced.

" Niandard Specification for Vuicanized Rubber Sheet Used 1n Single Ply Roof Membrane, ASTM D 4637-87 (American Society
for Tesung and Materials [ASTM|, 1987).

" Rubber Sheets for Use in Roofing Applications, Minimum Requirements for Non-Reinforced Black EPDM, ANSI/RMA IPR-1-
1985 (American National Standards Institute, 1985).
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Table 3

Climatological Normals, Means, and Extremes for Seattle-Tacoma, WA, Airport

Temperatures (F) Precipitation in Inches Mean Number of Days

Normal Extremes Water Equivalent Sunrise to
Sunset 2

2w

(o} =4

=] O

[9p] [=2]

5} > )

(&) A >=lom

& = o o - e « | % B83 8| &|°

58 =18 % gz /B8 Z 8 3l|ld =228 %%

g ; S o o] > — > <t jo o} Pl — o (&) =9 Ol =] »

J 439 34.3 64 1981 0 1956 6.04 12.92 1953 0.86 1649 3 3 25 * 0

F 48.8 36.8 70 1968 i 1950  4.22  9.11 1961  1.58 1977 3 3 22 * 0

M 51.1 37.2 72 1947 1 1955 3.59 8.40 1950  0.57 1965 3 6 22 1 0

A 56.8 40.5 85 1976 26 1975 2.40  4.19 1378  0.33 1956 3 7 20 1 0

M 64.0 46.0 93 1963 28 1954 1.58 4.76 1948  0.35 1947 4 10 17 1 ¢

69.2 51.1 96 1955 38 1952 1.38  3.90 1946  0.13 1951 5 8 17 1 ¢

J 175.2 54.3 98 1979 43 1954 0.74 2.39 1983TRACE 1960 10 10 11 1 1

A 739 54.3 99 1981 44 1955 1.27 459 1975 0.01 1974 9 9 13 1 t

S 68.7 51.2 94 1981 35 1972 2.02 5.95 1978 TRACE 1975 8 B 14 1 =

0 59.5 45.3 82 1980 28 1949 3.43 8.95 1947  0.72 1972 4 7 20 * 0

N 50.3 39.3 74 1949 6 1955 5.60 9.69 1963  0.74 1976 3 4 23 1 O

D 45.6 36.3 63 1980 6 1968 6.33 11.85 1979  1.37 1978 2 3 2 * 0

AUG JAN JAN SEP
YR 58.9 43.9 %9 1981 0 1950 38.60 12.92 1953TRACE 1975 57 78 230 7 3

*1,ess than one-half.

REF: "Climate of the States," Volume 2, Gale Research Company, Book Tower, Detroit, M1, 1987.
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Table 4

Climatological Normals, Means, and Extremes for Columbus, GA, Metropolitan Airport

Temperatures (F) Precipitation in Inches Mean Number of Days

Normal Extremes Water Equivalent Sunrise to
Sunset &

2

o =

= 2

9] faa)

23] o 0| <G

) a0 |

= P ) = o~ e | % B3 8 2|°

28 =) 8 % sz E|E|E F =z 3|% Z°3z:

g = S = = 20 | = = = 2 = | O & O Blo

J 569 35.4 83 1949 3 1966  4.52 10.22 1947  0.87 1954 8 6 17 1 0

F 606 37.0 83 1962 11 1973  4.52  9.41 1961 1.22 1951 8 6 14 2 0

M 68.6 43.9 89 1982 16 1980  5.96 12.51 1952  1.40 1967 9 7 15 4 0

A 174 51.9 92 1970 28 1950  4.50 11.67 1953 0.86 1967 10 8 12 5 ¢

M  83.8 60.2 97 1962 39 1963 4.44 8.45 1959 0.22 1962 9 11 11 T 6

J  89.4 67.6 104 1978 44 1956  4.16 10.83 1967 1.24 1979 8 12 10 9 16

J  91.1 710 104 1977 59 1967 5.50 13.24 1971 1.74 1957 5 13 13 13 20

A 90.8 70.5 102 1983 57 1952  4.02 10.07 1977 0.96 1956 8 13 10 9 20

S 86.0 65.9 99 1957 38 1967 3.59 6.94 1951 0.42 1955 10 8 12 4 10

0 77.0 53.1 96 1954 24 1952 207 8.09 1964 0.00 1963 15 6 10 1 1

N 670 42.7 86 1961 10 1950 3.06 12.45 1948 0.31 1956 2 6 12 1 0

D 59.5 37.2 82 1977 4 1962 475 939 1953 043 1955 10 6 15 1 O

JUNE JAN JUL oCT
YR 75.6 53.0 104 1978 3 1966 51.09 13.24 197t  0.00 1963 112 102 151 58 74

*1,0ss than onc-half.
Rir: "Climate of the States," Volume 2, Gale Research Company, Book Tower, Detroit, MI, 1987.
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Table §

Initial Properties of EPDM Roofing Materials

Property

Specified Value

Test Method

Fort Benning Kort Lewis

Tensile strength
(lb /3q Lﬂ.)

Elongation
(percent)

Hardness
(Shore "A")

Ozore resistance

Water absorption
(weight %)

Vapor transnission

(perm -mils)

Glass trangition

semperature (°F)

Abragion loss

(grams/ 1000 rev.)

5eam strength
(ibsin. width}

Law temperaiure
s aruleness (°F)

U menasional stability
4 nours at 100°F

1 change)

Hea . aging
‘longitudinal
‘trectior)

Perent of original
~tvsioal properties

Xoacn are axposure

Vitdoor exposure

1400

300

50 to 70

No cracks

2.0

-50 max

Longitudinal

Transverse

Longitudinal

Transverse

Peel

Shear

Longitudinal
Transverse
Tensile
strength
Elongation
100% modulus

Period exposed

Period exposed
Surface change
Months

19

ASTM D 412

ASTM D 412

ASTM D 2240

ASTM D 1149

ASTM D 570
ASTM E 96
Procedure B
ASTM D 3u18
ASTM D 3389
ASTM D 1876

ASTM D 882 (4)

ASTM D 2137

ASTM D 1204

ASTM D 573

ASTM D 2565

Average
Range

Average

_Range

Average
Range

Average
Range

Average
Range

No cracks

Average
Range

Average
Range

Average
Range

Average
Range

Average
Range

Average
Range

Average
Range
Average

Range

Average
Range

Average
Range

Average
Range

Average
Range

USBR

1585
1445 to 1705

1525
1405 to 1650

540
475 to 640

580
530 to 640

58
56 to 60

+0.5

0.26 to 0.72
3.6

2.4 to 5.3

-60
-62 to -58

0.19
0.15 to 0.22

0.8
0.4 to 2.0

18.0
14.9 to 19.7

-80
~79.1 to -80.5

0.0

0.0 to 0.0
~0.1

0.1 to 0.1

102
100 to 107

61
57 to 66

193
178 to 205

3-13-81/4-28-82

1705
1640 to 1845

1645
1135 to 1820

505
480 to 540

51%
480 to 580

57
56 to 58

No cracks

+0.U
0.34 to 0.48

1.98
1.86 to 2.04

-65
-66 to -65

0.19

0.17 to 0.21
2.5

1.6 to 4.3

28.7
22.8 to 34.0

-66
-65.0 to -66.4

0.0
-0.1t0 0.0

-0.3
-0.5 to -0.1

100
97 to 103

70
65 to 80

136
128 to 143

Operating hours 4024

8-80 to 4-83

Surface graying - no significant

change
32

32




The mechanical properties of the delivered materials (tensile strength, elongation, and hardness) all
cxceed the valucs that were specified, which are the minimums stated in the manufacturer's literature.
These initial values indicate good-quality rubber sheet.  However, the ficld scam peel strength at Fort
Benning is very low, with an average of 0.8 Ib/in. of width. The peel strength at Fort Lewis is 2.5 1b/in.,
which is considered more typical of expected values. The shear strength at Fort Beining is 18 Ib/in. of
width, or only 20 percent of the shcet tensile strength. The seam shear strength at Fort Lewis is 28.7
Ib/in., or 29 percent of the sheet strength. According to the manufacturer, the shear strength of the seam
should be at least 30 percent of the sheect strength. Observations of the seam area after separation
indicated that the sheet was not completely cleaned of its talc coating before the cement was applied.

Of the physical properties, only the brittieness, ozone resistance, and water vapor permeability were
specified by the manufacturer. Water absorption and abrasion loss were determined so that the effect of
aging on these properties could also be measured. The brittleness value was exceeded and the ozone
resistance was met, but a difference was noted for the water vapor permeability, which was specified as
2.0 pcrm-mils. According to the manufacturer, this is neither a maximum nor a minimum, but is the
actual valtue as determined in tie laboratory. The measured value at Fort Benning of 0.06 perm calculates
to 3.6 perm-mils while the Fort Lewis value of 0.03 perm calculates to 1.98 perm-mils. Any valuc less
than 1 perm is considered to be a vapor retarder, and the manufacturer describes this product as
impermeable. The manufacturer’s determination was conducted by Procedure BW of ASTM E 96-80; the
results of the USACERL test were obtained from Procedure B of the same test method. Test method E
96 states that "agreement should not be expected between results obtained by different methods."® so even
though the measured values are not the same, they are of the same order of magnitude and are closc.
What is significant is the change that occurs in the value over time.

Changes in EPOM Properties With Time

Tabics 6 and 7 ouiline the changes in physical and mechanical properties of the EPDM membrane
at Forts Benning and Lewis, respectively. Three points are worth noting. First, tests indicate the material
has the normal tendency of rubber products to show slight increases/decreases in mechanical properties
dung exposure to heat. For these roofs, tensile and abrasion values incrcased between 1 and 3 years after
instaliation and then showed a gradual decrease. Second, changes in these mechanical propertics are
rcadily measured and, even after 7 years at Fort Benning, the properties were no less than 90 percent of
the manufacturer’s published specifications in 1979. Third, the EPDM membrane at Fort Benning aged
r.ore ranidly than the membrance at Fort Lewis. This difference is most evident in the changes in
clongation and hardness. The major rcason for this difference is most likely the level of solar radiation
(UV degradation). Other factors include material formulation and contaminants.

Tests by others® indicate that the EPDM roof materials display increased tensile strength, reduced
cienygaton properties, and increased hardness after accelerated aging. Results of the field test (shown in
Fizures 7. X, and 9) indicate similar effects of natural aging. There was an initial increase in tensile
propertics after exposure of 6 months at Fort Benning, but the succeeding tests indicate a gradual retumn

" Standard Test Methods for Water Vapor Transmission of Materials, ASTM F. 96.80 (American Society for Testing and
Meaterials, October 31, 1980).

* R, Dupuis. et al., "Temperature Induced Behavior of New and Aged Roof Membranes,” Proceedings, Second International
Svreyosium on Roofs and Roofing (September 1981).
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Figure 7. EPDM tensile strength.
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Figure 8. EPDM elongation.

23




80 T
* *

< BENNING
L
x +
T
9
n
n
L
z
a
@
<
T

50

BENNING =
LEWIS +
40 T T T T T T T T T T T T
0 12 24 36 48 60 72 B4

AGE (MONTHS)

Figure 9. EPDM hardness.

to just below the original value after 6 years. At Fort Lewis, an increase was cvident up to 18 months
with a steady drop to just below the original value after S years. Decrease in elongation and increase in
fiardness indicated long term hardening of the EPDM at both locations. The abrasion loss (Figure 10)
showed a steady increase after declining during the first 3 years. Water absorption (Figure 11) cf the
rmembrane at Forts Benning and Lewis steadily increased over time, but the change is so slight as to be
essentially insignificant.

Scam strength testing was performed as scheduled for the system at Fort Lewis but not at Fort
Benning due to poor sample conditions. The shear strength of the seam (Figure 12) decreased to a low
of 24 Ib/in. width after 2 years and stabilized. The peel strength (Figure 13) dropped from an initial
value of 2.5 Ib/in. width to 1.9 Ibfin. after 2 years and stabilized. The seams lost 16 percent of their initial
strength in shear and up to 24 pereent of their initial strength in peel. The drop in peel strength at Fort
I.owis apparently did not affect the performance of the seams. The seams at Fort Benning were initially
very weak but show a substantial increase in both peel and shear strengths with time. At both locations,
the system is fully adhcred, so the strength of the seams is not as important as it would be if the
membrane were either loosc 1aid or mechanically fastcned. An important result of these field tests was
that the original seams at both locations maintained their watertight integrity, despite the aging of the
membrane surfaces, except for one scam at Fort Benning.
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Figure 10. EPDM abrasion loss.
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Figure 11. EPDM water absorption.
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Figure 12. EPDM seam strength - shear.

Manitoring of the water vapor transmission and glass transition temperature was ended after the first
2-1/2 years duc to the small amount of change exhibited in these propertics and their relative
insignificance.  Since EPDM is not considered a "breathable” membrane, the change in water vapor
transimission is not in itself important. Its significance is only apparent when viewed in the context of
changes to the other propertics.  Also, the glass transition temperature range for EPDM (-53 to -66 °F)
is far below the temperatures normally expected in the continental United States.

Description of Coatings for PUF

At the time of construction, CEGS 07540 limited the elastomeric coating for sprayed PUF roofing
w siticone materials.  Silicones are available in two forms: a wwo-component, catatyzed liquid that is
mized in the gun as it is sprayed, and a single-component, moisture-cured liquid that requires no mixing.
These materials have demonstrated excellent retention of alf necessary propertics.  Since that time, two-
component catalyzed urethane coating has becn added to the guide specification.

The urcthanc base coat/Hypalon™ top coat system was selected to obtain a basis for cvaluating a
ditferent coating. Each system included applying ceramic granules to the top coat while it was still fluid.

" Hypalon is a registered trademark of E. 1. DuPont de Nemours and Co for their brand of chlorosulfonated polycthylene.
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Figure 13. EPDM seam strength - peel.

PUF Roofing Property Changes
Initial Foam and Coating Properties

The initial values of the PUF properties (Table 8) reflect the differences between the products of two
manufacturers. Densities of the foams were within the specified range. Closed-cell content exceeded the
90 percent value normally expected for sprayed PUF within the specified density range.'® Compressive
strengths of the foam at Fort Benning exceeded the specified value of 40 psi, but the foam at Fort Lewis,
with 2 minimum compressive strength of 35 psi, did not meet specifications. Neither foam met the
specified tensile properties, but the higher tensile strength at Fort Benning indicates better interlayer
adhesion than at Fort Lewis. In gencral, the polyurcthane foam at Fort Lewis was found to be slightly
diffcrent in cell structure and material composition from the foam at Fort Benning. This difference is
indicated by lower strength, higher water vapor transmission, and greater dimension change.

Dimcensional stability values are reported by the manufacturers as the percent change in linear
dimension in the direction of foam rise. The samples from the ficld were allowed to expand unrestrained.
Lincar dimensional stability values in the direction of rise were comparable to those claimed by the
manufacturcr of the foam used at Fort Lewis.

 R.L. Alumbaugh, S.R. Conklin, and D.A. Zarate, Preliminary Guidelines for Maintenance of Polyurethane Foam (PUF)
Roofing Systems, Technical Note N1691 (U.S. Naval Civil Engineering Laboratory, March 1984).
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Initial Properties of PUF Roofing Materials

Table 8

Property Specifisd Yalue Test Method Port Benning Tort Lauwis
senaity 2.7-3.5 ASTM D 1622 Average 2.87 3.07
dbscu M) Range 2.77 o 3.04 2.89 wo 3.3
Toapressive 40 ein ASTM D 1621 Average 53 33
strength (Ib/sq in.) Range 44 o 58 35 to 4t
Tengle interla minar USBR Average 78 55
atrength (1b/sq in.) ‘ Range 69 to 89 42 to 64
W@ater gbsorption ASTM D 2842 Average 48 49
‘g/m° surface area) Range 43t0 53 46 to 54
Foam water vapor ASTM C 355 Average 1.0% 1.28
transmission (perms) Range 1.04 o 1,06 0.85 to 1.65
~lcsed cell content Corrected Average 37.0 36.0
2f foaa for cell size Range 96.3 w0 97.5 5.4 to 98.4
‘percent) ASTHM D 2856
Uncorrected Average 921 3.4
Range 91.8 t0 92.4 9C.3to 91.3
Jimensional Perpendicular 1 day ASTM D 2126 Average 0.0 +«0.56
stability to rise 30 Range ~0.42 to +0.48 0.10 to 1.23
¢ fcan percent RH 7 days Aversge +0.39 +1.19
parcent thange Range 0,06 to +1.13 0.59 to 1.74
i Unear 14 days Average «0.80 1,13
hmenson) Rangs 0.12 to +0.96 0.38 to 1.45
Parallel 1 day Average +0.11 =0.24
to rise 30 Range 0.18 to +0.36 -3.28 to -0.20
percent RH 7 days
Average 0.0 -0.25
Range -0.30 to +0.12 -0.39 to 0.1C
14 days Average £0.16 -0.03
Range -0.50 to +0.06 -0.39 w +0.34
Perpendicular 1 day Average 6.74 19.52
to rise 100 Range 4,76 to 7.79 19.26 to 19.65
parcent RH 7 days
Average 7.89 21.40
Range 5.78 to 3.32 20.12 to 22.28
14 days Average 8.27 16.u8
Range 6.13 to 3.61 14,77 to 17.82
Parallel 1 day Benning/Lewvis Average 0.89 12,14
to rise 100 Range 0.53 to 1.25 11,61 to 12.67
percent RH
7 days Average 0.88 '3.50
Range 0.77 to 1.07 11.86 o 15,13
18 days Average 0.97 7.50
Range 0.71to 1.28 6.22 to 8.77
Ja',;‘ﬂ.g *hirkness USBR Average 30 20
Y] Range 20 to 40 10 %o 25
T harting brllt.lg Coldest availabls ASTM D 2137 Balow ~10% Below -95
temperature (OF) te s pereture shown Typical
ndentation Yisld USBR Average 68 65
srength Range 46 to 82 53to 75
‘h/sg 1n.¢ Coating Aversge 79 No break at
break Range 72t0 85 1/2-4n.
. . deflection
l@pact strengh Top UsSBn Average 210 140
‘grams) Range 195 to 225 120 to 192
Buse . 650
623 to 675
“52%.ng vapor 3.5 max ASTH £ 96 Average 2.2 1.6
r~ansm.axon, peras Procedure B Range 2.0t0 2.8 0.8t0 2.4
"\'.J;\R adhasion, NCEL Average 160 17k
e 1q n. Range 123 to 192 157 o 192
(naning glase Top ASTM D 3418 Average -189 51
rarsdtdon, °F Range <190 to -188 50 to 52
Base 57
-69 to -65
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Table 8 (Cont'd)

Property Specified Value Test Method Fort Benning Fort Lewln
Parallel 1 day Benning/Lewlis Average 0.89 12.14
to rse 100 Range 0.53to 1.25 11.61 to 12.67
percent RH
T days Average 0.88 13.50
Range 0.77 to 1.07 11.86 to 15.13
14 days B/s7 Average 0.97 7.50
Range 0.71 to 1.28 6.22 to 8.77
C oating thickness USBR Average 30 20
(mils) Range 20 to kO 10 to 25
Coating brittle Coldest available ASTM D 2137 Below -104 Below -95
te mperature (°F) te mperature shown Typical
Indentation Yield USBR Average 68 65
strength Range 86 to 82 58 to 75
(b/sq in.) Coating Average 9 No break at
break Range 72 to 85 1/2-in.
deNection
Impact strength Top USBR Aversge 210 130
(gra ms) Range 194 to 225 120 to 192
Base R 650
623 to 675
Coating vapor 1.5 max ASTM E 96 Average 2.2 1.6
transmission, peras Procedure B Range 2.0t0 2.8 0.8 to 2.4
Coating adheslon, NCEL Average 160 174
1b/sq in. Range 123 to 192 157 to 192
Coating glass Top ASTM D 3418 Average -189 +51
transition, °F Range -190 to -188 50 to 52
Base -67
-69 to -65
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For the coatings, the only values specified were minimum thickness and maximum perm rating. The
vanation in thicknesses cannot be attributed only to foam surface texture, since the foam at Fort Lewis
had a smoother surface than at Fort Benning, and the coating at Fort Benning met the specified minimum
thickness. Application technique undoubtedly influenced the results. Both coatings met the specified
watcr vapor transmission requiremcnts.

Measured and advertised properties tor the coatings could not be compared. Since coating
thicknesses were so varied for any given sample, detcrmination of tensile properties would be meaningless.
The manufacturers do not publish the brittle temperatures of their products, so the determination of this
property was for initial characterization only, as was the glass transition tempcerature. It should be repeated
that the glass transition temperature is not the same as the brittle temperature, but is a temperature range
in which heat is absorbed as the material undergocs a phase change. This difference is readily apparent
from an inspection of data in the various tables. In keeping with the purposes and financial constraints
of the test program, it was fclt that only physical properties of the coating would be significant, so the
tensile (mechanical) properties were not determined.

Changes in PUF Roofing Properties Over Time

It must be emphasized that PUF, as used in liquid-applied roofing, is manufactured onsite, under
ambicnt atmospheric conditions, and not within the enclosed space of a factory under controlled
conditions. Trends, therefore, become more important than singularities that may result from a change
in any onc of many localized conditions.

The initial and aged characteristics for the two PUF roofs can be found in Tables 9 and 10. The
compressive strength (Figure 14) has shown a slight increase with time from the initial value at both
focations, each staying ncar or above thc requircd minimum of 40 psi. Compressive strength is an
important property of the foam, as it is the one propcrty which most resists traffic on the roof. The foam
should be capable of bearing all anticipated traffic loads throughout its life. It is impossible to extrapolate
the curves into the future, as more data would be required to accurately establish the trends. Tensile
interlaminar strength decreased at both sites (Figure 15). The loss of tensile strength in the foam at Fort
Lewis was more rapid, indicating that the specific foam used there losces its ability to adhere to itself,
teading (o the possibility of future separation of the layers.

Figure 16 shows the densities of foam samples. Recommended minimum density is 2.5 1b/cu fti.
This is to cnsure minimum compressive strength requircments of a properly mixed spray. The foam
density at Fort Lewis has remained relatively unchanged. However, at Fort Benning, the density has
shovr a 28 percent increase after the initial sampling.

Water absorption of the foam at Fort Benning (Figure 17) remained steady, staying below 60 g/m?
through 7 sears. At Fort Lewis the water absorption remained at approximately its initial value for 4 years
an. then showed a significant increase during the last 2 years.

For the same rcasons cxplained for the water vapor transmission and glass transition temperature
rerting of the EPDM roofs, these same tests were discontinued for PUF after the first 2-1/2 years. During
the annual visual inspections, it was observed that the granules were becoming dislodged, with many bare
arcas of coaling appeanng.
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Figure 17. PUF water absorption.
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Figures 18 through 20 outline changes of foam and coating assembly properties. Impact and
indentation properties improved cver time as coating adhesion declined. Impact strength increased at
about the same rate at Fort Benning and Fort Lewis. The rate of increase in indentation strength was
slightly greater at Fort Lewis. At both sites, the coating adhesion has shown a large decrease. Despite
this degradation, visual inspections have not shown any significant occurrences of blisters within the
foam/coating interface or peeliug of the coating

Significance of Data
EPDM

The collection and analysis of roof temperatures and weather conditions is part of the overall study
to evaluate alternative roofins systems. How these roof systems will age (i.e., what changes will occur
in their physical characteristics over time) is of great concem to this program. Tests performed by
others!! indicate that the EPDM roof materials display reduced elongation properties, increased tensile
strength, and increased hardness after accelerated aging. Test results of the physical characteristics of the
EPDM roofs at Forts Lewis and Benning agree with the clongation and hardness changes, but disagree
with icnsile strength changes. There was an initial increasc in tensile strength properties after a 6-month
cxposure at Fort Benning, but the tests during the last 7 years of exposure indicate a gradual retum to near
the original levels. At Fort Lewis, a small increase was evident after a 12-month exposure, but this was
followed by a decline similar to that at Fort Benning.

Long term exposure has induced property changes which in some cases were different from those
anticipated in the previous report.'> It is now apparent that EPDM ages more rapidly under stronger
solar exposure, as is shown by the propernty changes at Fort Benning. Decreases in tensile strength and
clongation, and increascs in hardness and water absorption all point to solar-induced degradation. These
data, although significant in understanding the property changes, should not necessarily affect the longevity
of thc membrane itself.

PLF

The physical properties of PUF have also been tested on samples removed from roofs at Forts Lewis
aad Benning. Tests of density, compressive strength, interlaminar bond strength, and water absorption
show both negative and positive changes. The only possibly significant change appears to be at Fort
I.ewis, where interlaminar bond strength declined significantly after 2 years and water absorption increased
significantly after 4 years. Average coating adhesion values of 160 to 174 1b/sq in. at the two sites have
dgeclined to average values of 94 to 138 ib/sq in. over the 7-year test period.

Degradation of the PUF roof is probably not related to temperature or exposure, but most likely is
a dircet result cither of the application problems encountered by the contractor, the formulation of the
resas by the manutacturer, the expected deterioration of the coating with time, or a combination of these.

" R Dupuis, et al.
* M.J Rosenficld, September 1954,
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4 RESULTS OF VISUAL OBSERVATIONS

Each roof was inspected annually as part of the evaluation process. During cach inspection, the roof
was carcfully checked for visible signs of deterioration, giving special attention to the patches where
samples for testing had been removed, as well as to flashings and indications of maintenance or repair.

First Annual Inspections - July 1981

The first inspections indicated that problems were already occurring where samples had been taken
and repairs made. On the EPDM roof at Fort Benning, the membrane was generally sound, but some
problems were appearing. Picture framing at the insulation joints was widespread. A few very small
blisters were seen, but were apparently some wrinkles that had occurred during membrane application.
The serious problems were with the repairs where samples had been taken. The first sample patches, at
6 months, were well done and the patches were all sound. The second sample patches, at 1 year, required
immediate attention. They were still adhered to the underlying insulation, but had become delaminated
from the roof membrane. Through later investigation and interviews with the Dircctorate of Engincering
and Housing (DEH) maintenance personnel, it was learned that these repairs were performed in-house
usiny whatever adhesive they could obtain. It should be noted that EPIDM adhesive has a limiied shelf
lil:, and the EPDM manufacturers will not distribute materials uniess the buyer is an authorized applicator
ol their EPDM system.  In this case, the DEH had no certified personnel and could not obtain EPDM
adhesive. Tt is suspected that the adhesive designed to attach the membrane to the substratc was
cironeously used to adhere the patches, accounting for their premature failure. Fort Benning was advised
1 completely remove them and replace them with new material, taking care to remove all taic and
o ziten hoth contact surfaces with sandpaper. 1t was also suggested that repairs be made in the moring
winic the temperature was still cool.

At Fort Lewis, the EPDM rool also showed some picture framing. Scam scalant along the field
scams was beginning to crack, but this was not considered scrious, as the sealant is only temporary while
ihe scamt adhesive cures. So far, only the 6-month samples had been taken. One patch where a sample
~ad been cut contained a small unscaled portion. The most scrious problem was somg blisiering above
e nail heads on the transverse nailers that divided the roof into 1600-sq ft sections. The manufacturer
v fonf membrane was contacted and recommended a repair procedure,

On the PUF roofl at Fort Benning, loose granules were collecting in low spots, leaving some high
arcws nare of granules. When these loose granules were brushed aside, it was observed that there were
—yembedded granules on the surface of the coating. This condition suggested that the coating had already
curedt somewhat when the granules were applied, icading to a loss of embedment or adhesion. Where
~anipies had been removed and the holes patched, some of the newly applied foam had not been coated
At all wed was disintegrating.

Vnthe PUF roof at Fort Lewis, granules were also coming loose, and were collecting at and washing
Sowathe drains. Towas also observed that the granules had not been applied cvenly during construction,
4 altemating bare and granulated streaks were evident over the entire roof arca. Patches where samples
“1ad beer taizen were made well,




Second Annual Inspections - June 1982

The 1982 inspections revealed that the fields of all the roof membrancs were in very good condition,
but problems with the patches where samples had been cut were still evident. At Fort Benning, the poorly
adhcred EPDM patches seen the previous year had been repaired using improper procedures and matcrials
again, but one of the original ones was now peeling off. Also, cracked scam scalant was now scen, as
it was at Fort Lewis. Insulation under some of the patches feit soft, but did not seem 1o be wet, so this
was not consigered serious.

At Fort Lewis, the EPDM roof still had tiny blisters above the 1nail heads, with no evidence yet of
any attempts at repair. The sample patches made since the previous year had been repaired better than
before, and all were now in excellent condition. The contractor would have to be called back 1o repair
a fishmouth in onc of the lap joints that had developed during the year. The most serious problem now
apparcnt had nothing to do with the roof itsclf, although it affected the roof. The building is adjacent to
a large, densc thicket of pine trees, and the dead necdics and other debris from those trees was now
clogging all the drains. This indicated a nzed for regular maintenance, which was discussed with the Fort
Lewis staff.

The PUF roof at Fort Benning was in excellent conaition, except for further erosion of the granules.
The poor conditions noted in the patches the previous year had been corrected, and the recent sample cuts
had been repaired satisfactonily. However, thie samples themselves were too smail for proper testing, so
the proper procedure for taking adequately sized samples was discussed with the shop supervisor.

The PUF roof at Fort Lewis was also in excellent condition, except that as at Fort Benning, granule
croson was more evident than the year before. On one of the more recent patches, the coating could be
pecied off casity, indicating a need for more carclul repair of the surface. Flashing around one stcam vent
aad hioken and was badly deteriorated.  Expansion and contraction of this pipe had not been considered
during design. This vent was the most active onc in the building, cycling frequently between hot and cold.
Thisindicated 4 neea for careful study of methods of flashing pipes tha! cycle between hot and cold so
ts Lo prevent the entiy o water and stii! permit expansion and contraction of the pipe. Two possible
meods were offered to the Fort iewis stalt. One was from a draft of a Navy guide specification. The
Citat ees s detall suggested inoa publication of the Urethane Foam Contractors Association.

oy

Lo Anmuaat {aspections - June 1983

Al e failing EPDM paiches at Fort Benning. except one, had been repaired and sealed with lap
e The one exception exhibited three distinet Tayers: the ficld membrane on the bottom, the patch
Wi top, and ihe adhesive (whatever it was) as a separate sheet between the two. not adhered to either
cne ftvery Bikeiy et all of these repair paiches were improperly made and hidden by the lap sealant
arovd the edpes of the patches.

MCtort Dewds, the tiny blisters over the nail heads, visible at cach previous inspection, had been
sepdired as recommended by the manufacturer, but had reappeared. The membrane had become unbonded
oo che fasitation around one of the drains, but was still watertight. The fishmouth in the scam that was
noit 1 rduting the previous inspectien had not been repaired, and the underlying insulation was wet. The
nectute framiing was more pronounced than observed during the 1981 inspection, but this apparcntly had
o adverse cliect on the roof membrane. The building occupants complained of a leak at one of the
exhaust fans - Inspection disclosed that a new indoor clectrical junction box had been instalied on top of
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the motor flashing, and no scalant had been applied. Stains on top of the penctration cover indicated
ponding of water with subsequent drainage into the building under the junction box. Although the roof
drains had been cleaned since the last inspection, they had again become almost completely clogged with
dint.

The PUF roof at Fort Benning was in excellent condition except for one patch where the surface had
been scratched, exposing the foam.

The PUF roof at Fort Lewis was an entirely different matter.  All 20 locations where samples had
been removed were now cracked around all or part of their perimeters, and 8 were so saturated with water
that they squirted when stepped on. The {lashing around the steam vent had been repaired and rebuilt
properly, but the comers of the counterflashing around an cxhaust duct penetration that had been removed
and replaced, were not resealed. More granules had been displaced by wind scour, and the bare st.caks
were wider and more pronounced than before. It was recommended to the Fori Lewis stalf that all 20
patches be removed, cleaned out, and repaired by a qualified foum applicator.

Fourth Annual Inspections - June (Fort Benning) and August (Fort Lewis) 1984

Many patches on the EPDM roof at Fort Fenning were taning, Al five of the most recent sample
potobies and one of the previous set were coniing loose, and water would spurt out of one Jocation where
¢ Leld seam in the membrane was coming copen. Tt aus determined at this iime 10 contact the
poaseeacturer 10 discuss failures of the repair technique and d2termine if adequate repiirs could be made.

e EPDM rocl at Fort Lewis was essentially in excellent condition, <howing much less weathering
tanabe roof at Fort Benming,  All repairs hud ceen made preperly and were well bonded  The picture
ez was <l not a probiem, as the membrane was propeity flexible at all places.

Tie PUF oot at Fort Eenning wvas io excellent condition except for two smal! tabaout 9-1n dianeter)
Bloesss The pateh that was seratched tne previcus year had been repatred oy cpreading silicone scalant.
Ae cmaales had been scoured off, bt ithere was no deienioration.,

AU ot Lewis, the patches or the PUE roof had ail been repaired. b the cowing thai had heen
T e cun 1o be Surabie. Araner problem anpeaced: the effect ona srecial toot ¢! dacrk of
b by e pamtenance crew of another trude. The an nandling cquipmoent higd heet semviced
o v past veat. and in removing the cover pancls, the workers nad allowed the comeis o Vi the
Stoc ottt feam hai | coough 1o cause a numbcer of tinneear punctures. The addition of e couting
wort o sees aound s aquipnent dunng moel consiniction was 2oparently bod cnough to ress ths
» oo taan The ton Lewts statl was advised o cut out these purctures and Santk them with a sihicone
G et s SCdrdtL,

Fittih Annual tnspections - March (Fort BenningY and May (Fort Lewis) 1985

Ar tort Benning, the LPDM potches that had been fahing nroviousty were il had, alihauch the
rarct et wag n good condition. The manuiacturer made those patches with butyi-based spticing : HTT!
ihat hae acceatly replaced the neoprenc-based sphoing cement. Iisicad of cleaning the sutfice with
sciveets and sandpaper, water and orditary kitchen sceuring powder applied with a plastic scouring pad
were gsed.
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At Fort Lewis, the EPDM roof remained in excellent condition. The previously unbonded section
around the drain had been repaired and was well sealed. However, normal maintenance was again
inadequate.  Although the pine-ncedle debris had been cleaned away from the drains, it was left in piles
on the roof instcad of being removed, and would only wash over and clog the drains again.

At Fort Benning, a scrious problem was becoming apparent on the PUF roof. A boiler vent pipe,
previously inactive, had caused considerable damage to the surrounding foam by its expansion and
contraction. There were also punctures in the roof surface where a wood hatch cover had been removed
and dropped. Repair procedures for these problems were thoroughly discussed with the Fort Benning
staff.

At Fort Lewis, the repairs to the PUF roof were still in good condition, but the punctures from the
air handling cquipment covers had been repaired by pouring some hot asphalt into them. The Fort Lewis
staff was advised to watch them carefully for any signs of irouble. If any we. = <hould penctrate, they
would have 10 be cut out and repaired by filling with a urethane scalant if snia: cnough, or with a
urcthane board sct in a full bed of sealant and a urethane coating applied to the surface.

In October 19885, a special trip was made to Fort Benning 1o obscrve the annual sample cutting of
the EPDM roof and study a new patching method developed by the membrane manufacturer and
perionmed by a manufacturer’s representative.

Tnstead of cleaning the surface with soivents and sendpaper, ordinary kitchen scouring powder and
water were used, applied with a plastic scouring pad.  After scrubbing and flushing, the procedure was
repeated until the dry membrane did not Ieave a black residue when rubbed with a finger. The new repair
~ethod involved a pressure-sensitive uncured material, both by itsclf in a roll on a rclease paper, and as
o serface of a sheet of EPDM rubber, again on a release paper. The roll material was applied first,
sodowed py a well-scrubbed piece of membrane. The other type was pressed into place. In both cases,
seanc seatant was applicd to all edges after repairing the cut wreas.

“ixtho Annual Inspections - May 1986

At Fort Benning, the sample patches cut in October 1985 and scaled with the special tapes were still
<o condition, but many other, clder patches performed by in-house personnel were again failing.

Tae 1PDM roof at Fort Lewis had some slight openings of a few scams and patches.  Since the
~olia e was stili about the same as when the membrane was new, with no apparcnt detcrioration, the Fort
I siaff was certain that permanent repairs could be made without difficulty.

The PUEF roof at Fort Benning was in excellent condition as far as the undisturbed arca was
conea o ed, but many patched areas were saturated with water where the coating had cracked and the repair
feam pud separated from the parent material. The damaged area around the boiler vent pipe had not been
ety repaired. the coating had almost completely disappeared, and the foam was rapidly deteriorating.

Mot Lewis, the PUF repairs that were observed the year before to be made with hot asphalt had
not bees cortecied. but appeared to be holding well. Two other patches were failing because the granules
from e onginal roof had not been adequately clearcd away, and so prevented proper adhesion of the

foam 10 dne casc and the coating in the other. Otherwise, as at Fort Benning, the undisturbed arca was
sound.
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In December 1986, when the Fort Benning staff attempted to cut the next set of EPDM samples, they
determined that there was no location left where the desired type of sample could be cut. They
immcdiately informed USACERL of this development, and it was agreed that the sampling nrogram would
cease, but visual inspections would occur annually for the balance of the program. As there could no
longer be a comparison between samples from Forts Benning and Lewis, the sampling program at Fort
Lewis was also discontinued, but annual visual inspections continued.

Seventh Annual Inspections - March (Benning) and April (Lewis) - 1987

At Fort Benning, the in-housc repairs to the EPDM and the repairs to the PUF roofs had become
badly deteriorated. The self-stick EPDM patches applied only 17 months carlier were performing well.
Several of the foam plugs in the PUF roof had split, and insulation in both roofs was saturated with water.

At Fort Lewis, only minor maintenance was needed on the EPDM roof (sweep off the dint and debris
and unblock the drains). This is a never-ending problem at Fort Lewis, because of the constant shedding
of needles by the adjacent pine trees. The PUF roof, although still in good condition, now required
recoating. Some punctures had been made during the previous year, and some coating was pecling from
several repairs. All this would have to be removed and refoamed, loose granules swept off, loosc coating
removed, and new coating applied to the entire roof. It was agreed between the Fort Lewis and
USACERL. statfs that rcapplication of granules would not be nccessary.

Followup Inspection at Fort Benning - January 1989

Due to the scverity of the reported problems with patching of aged EPDM, the manufacturer was
contacted for advice. The manufacturer was confident in the repairability of the aged material and offered
t0 show personnel from USACERL and Fort Benning how to make sound repairs on the roof.

‘mitial investigation of past patches showed most of them to be made with some unidentifiable grey
adtesive between the roof and paich but not bonded to cither one. There was little doubt that these
cawcnes would leak.  Other patches were identified as having been made with neoprene-based seaming
<ot Although these patches were probably made before the use of butyl-based adhesives in 1984, it
.~ unknown when these patches were made and whether other patches with the neoprenc-based adhesive
Pau tuiled and been replaced. These patches appeared to be watertight but the peel strength was very low
ard t was decided to replace all of them. A third type of adhesive was the butyl rubber based splicing
ceraent. Theie was no doubt that these patches were watertight. It was nearly impossible to peel the
oarcl il by hand. Two paiches were removed for samples and the others were left in place. One patch
or the roof had been made with splicing tape in 1985 by the manufacturer. This patch was actually a
series of overlapping strips. Removal of two strips was difficult, showing the pecel steength to be good
but iess than with the butyl cement. A likely problem with this patch is the 'T-joint where three layers
wccar, This was actually done for experimental reasons and it should be avoided in practice.

The original scams made when the roof was placed looked adequate.  Although in some locations
the neoprene adhesive was weakly bonded, it still appeared watertight. Many of the old patches were not
made in 4 pcrmanent manner or were made with the outdated neoprene adhesive and were replaced with
ratches made with the butyl rubber splicing cement and silicone in-seam scalant. It is expected that the
present procedure will prove to be excellent on membranes that have weathered 10 years and even much
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longer. Replacement of the neoprene-based adhesive with butyl-based adhesive was a major improvement
in EPDM technology.

Discussion of Visual Inspections
EPDM

Installation of EPDM fully adhered systems at Forts Lewis and Benning afforded an excellent
comparison of the cffect of direct exposure on the material when the same material was installed in two
completely different climatic conditions. In this case, the materials were products of the same
manufacturer, $o it is rcasonable 10 assume that the formulations were similar.

Throughout this study, problems in repairing the EPDM roof at Fort Benning were cvident. Virtually
all the problems were caused by repair procedures that were (cmporary at best and were not up to the
standards of a professional roofer. The worst patches were made with an unidentified grey adhesive.
Other improper patches were made with a lap sealant or a bonding adhesive rather than a seaming
adhesive.

Patches made with proper materials were not without fault. The ncoprene cement resulted in a low
peel strength,  Despite this, the patches did appear watertight.  This is no longer of great importance
hecause the neoprene has been replaced by butyl-based splicing cement.  Peel strength for the butyl
adhesive appcars more than adequate for normal conditions. The membrane at Fort Benning has aged and
weathered for 10 years and quality patches can still be made with the butyl-based adhesive. As with any
roofing system, proper application procedures, such as avoiding T-joints, improves performance.

The biggest problem found during the visual inspections was a lack of proper repairs. One method
of repairing an EPDM membrane is to contract the work to private roofers. The DEH often does not have
the contracting mechanism in place to obtain these services in a timely manner. Also, there is a time lag
an. temporary repairs must be made until the contractor comes weeks or months later. A second method
i+ obtain the proper materials and do the work in housc. The problem is that some manufacturers will
not se | their EPDM roofing materials to roofers without factory training and certification.

PUF roofs at both Forts Benning and Lewis were rcpaired with varying degrees of success as the
vears passed.  In some cases, the problems could be traced to inadequate cleaning or other surface
nienardtion. In oiher cases, there was no apparent reason for failure. Due to the inadequate repairs, the
'L ronf at Fort Benning was so saturated with water after 7 years that it was decided to remove it and
4y a new membrane of a different type, which would not be disturbed. At Fort Lewis, the most serious
Jdoterioranon was to the coating, which alter 7 years was almost womn through. However, this is normal
cova P rool coating, Wet arcas and broken patches would have to be removed and refoamed before
coating, but once this was accomplished the roof would remain undisturbed except for visual inspections.

Previously published maintenance and repair instructions,' although complete, did not contain
estmates of the expected life of a PUF roof repair, even though different foams werc uscd for repair than

7RI Alumbaugh, S R. Conklin, and D.A. Zarate.
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were placed originally.  While it is not known for certain that incompatibility between the original and
repair foams existed at Forts Benning and Lewis, it was observed in almost all cases that the repair foam
ultimately became unbonded from the originally installed foam. It also made no difference whether the
repairs were made by qualified contractor personnel or installation maintenance shop employees, as the
long-term results were the same.
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5 CONCLUSIONS AND RECOMMENDATIONS

Conclusions

From the experiences during a 7-year period of exposure, sampling, and repairing, the following
conclusions can be drawn about EPDM and PUF roofing materials.

1. The EPDM membranes on the test roofs performed satisfactorily through the 7-year period and
appear to have many ycars of satisfactory performance left. The membrane can be repaired but this
requires the proper materials and procedures as recommended by the membrane manufacturer. Carc must
be taken in preparing the seam arca and applying the adhesives correctly.

2. The replacement of ncoprene-based splicing cement with butyl-based splicing cement has
improved the performance of properly made scams (especially repair seams on aged membrane) from
marginal to very good.

3. Failurc of PUF rcpairs was an uncxpected and disturbing result of the test program. especially
since the undisturbed areas of both roofs remained in essentially good condition. This indicates that a
well-applied PUF roof should give excellent service, nceding only a recoating as the original coating wears
away. The tests indicated that both the urethanc/Hypalon coating used at Fort Lewis and the silicone
seating used at Fort Benning are good, serviceable materials, and should continug to be used.

4. Current repair techniques for PUF roofs scem to be somewhat inadequate, in light of the history .
of the two test roofs. The PUF scems to be dependent on compatibility of inaterials, although aging of
the foam should not be discounted.

Recommendations

1. It1s important to be committed to proper maintenance of EPDM or any roofing system, before
it i et on Army facilities. For repairs to be made quickly and properly, it is recommended that DEH
(~sonnel or authorized appiicators on an open-cnd contract be properly trained in the installation and
- oui- teehniques for each type of roofing system used on the base. In the case of EPDM, this would
regmre personnel o take a factory training course which is available at the manufacturers’ regional
vocation or made available on post. Difficulties may arise if trained personnel quit and matcrial problems
muay arise if the single-ply adhesive producis exceed their shelf-life which is generally 1 year.

2. Coniracts for specific repairs are necessary if personnel arc not trained to make proper repairs
¢ arc unable to make the repairs for other reasons. In this case, it may be difficult to obtain timely
repatrs. I the roof is leaking and proper repairs cannot be obtaincd immediately, temporary repairs should
s o de as well as possible until permanent repairs can be made.

3. The current edition of CEGS 07540, which permits the use on PUF of both silicone and urcthane
coatings, should be expanded to include the use of a urcthane/Hypalon coating as well.

4. Care must be taken during design of PUF roofs that all details take contraction and cxpansion
into consideration, so that splits and failures will not occur when the roof is put into service.
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5. Studies should bc undertaken to evaluate the effect of different foam formulations «id ages on
the ability of newly applied foam to bond to that which is alicady in place, and 10 deicrming how long
this bond can be expected to last.

METRIC CONVERSION TABLE

lin. = 254 cm
1 lbjcu ft = 16.02 kg/m®
11b/in. = 0.1751 N/mm
1 lb/sqft = 4882 g/m?
Vib/sq in. = 0.006895 MPa =
6895 N/m’
1 mil = 0.001 in. = 0.0254 mm
055(CF-32) = °C
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USACERL Technical Report M-90/09, "Long Term Field Test Results of Experimental EPDM and PUF
Roofing,"” April 1950.

Delete paragraph 4. in the Conclusions section on page 45.
Change paragraph §. in the Recommendations section on page 46 to read:
5. Studies should be undertaken to evaluate current repair procedures and determine the effect of

different foam formulations and ages on the ability of newly applied foam to bond to that which is already
in place, and to determine how long this bond can be expected to last.




